98 Y, populated in neutron-induced fission of 235 U and in spontaneous fission of 248 Cm and 252 Cf, have been studied by means of γ spectroscopy using the Lohengrin fissionfragment separator at ILL Grenoble and the EXILL, Eurogam2 and Gammasphere Ge arrays. Two new isomers have been found in 98 Y, a deformed one with T 1/2 =180(7) ns and a rotational band on top of it, and a spherical one with T 1/2 = 0.45(15) µs, analogous to the 8 + , isomer in 96 Y, corresponding to the (νg 7/2 , πg 9/2 ) 8 + spherical configuration. Using the JYFLTRAP Penning trap an accurate excitation energy of 465.7(7) keV has been determined for the 2.36-s isomer in 98 Y. This result and the studies of excited levels in 98 Zr, populated in β − decay of the isomer, indicate a new spin-parity, I π =(7) + for the isomer. The high spin and the decay properties of this isomer suggest the presence of the 9/2 + [404] neutron extruder orbital in its structure. This is consistent with the large deformation of the isomer, reported recently. The present work does not provide arguments to support the special role of the νg 7/2 − πg 9/2 interaction (the spin-orbit-partner, SOP, mechanism).
Excited states in
98 Y, populated in neutron-induced fission of 235 U and in spontaneous fission of 248 Cm and 252 Cf, have been studied by means of γ spectroscopy using the Lohengrin fissionfragment separator at ILL Grenoble and the EXILL, Eurogam2 and Gammasphere Ge arrays. Two new isomers have been found in 98 Y, a deformed one with T 1/2 =180(7) ns and a rotational band on top of it, and a spherical one with T 1/2 = 0.45 (15) µs, analogous to the 8 + , isomer in 96 Y, corresponding to the (νg 7/2 , πg 9/2 ) 8 + spherical configuration. Using the JYFLTRAP Penning trap an accurate excitation energy of 465.7(7) keV has been determined for the 2.36-s isomer in 98 Y. This result and the studies of excited levels in 98 Zr, populated in β − decay of the isomer, indicate a new spin-parity, I π =(7) + for the isomer. The high spin and the decay properties of this isomer suggest the presence of the 9/2 + [404] neutron extruder orbital in its structure. This is consistent with the large deformation of the isomer, reported recently. The present work does not provide arguments to support the special role of the νg 7/2 − πg 9/2 interaction (the spin-orbit-partner, SOP, mechanism). 
I. INTRODUCTION
In the chain of neutron-rich yttrium isotopes, the ground state of the 96 Y nucleus is nearly spherical while in 100 Y it is strongly deformed. The transitional nucleus 98 Y, located between the two, at the N=59 neutron line, the pivotal border between spherical and well deformed nuclei in the A∼100 region, is an extraordinary example of the shape coexistence. Experimental studies of this particular nucleus are of great importance for testing mechanisms producing nuclear deformation.
As discussed in Ref. [1] , in this region the deformed minimum in the nuclear potential is primarily due to the population of the "deformation driving" low-Ω subshells of the neutron intruder orbital νh 11/2 , [2, 3] helped by vacating the ν9/2[404] extruder [4, 5] . At the same time a spherical minimum is preserved in these isotopes up to N=60, due to the Z=38 and Z=40 subshell closures. The competition of both minima gives rise to the famous, "sudden" onset of deformation at N=59 (see Fig. 8 in Ref. [6] and Refs. [1, 7] ). In this picture the ν9/2[404] plays a special, double role, first stabilizing the spherical shape until the deformed minimum achieves the deformation sufficient to elevate this orbital to the Fermi level and then stabilizing the deformed minimum, at higher deformation. Therefore, experimental investigations of this orbital are of prime importance. To date it was not observed neither in 98 Y nor in any other odd-odd nucleus.
The proximity of the spherical and deformed minima in 98 Y allows the tunneling between them, which gives rise to rich isomerism in this nucleus. As discussed in Ref. [8] , the 1180-keV, T 1/2 =0.72 µs isomer in 98 Y is due to the (πg 9/2 , νh 11/2 ) 10 − , spherical configuration, which decays to the (π5/2 + [422], ν3/2 − [541]) 4 − deformed structure, originating from the same πg 9/2 and νh 11/2 orbitals. A similar effect is seen in 96 Rb [8] and, as pointed out in Ref. [8] , the N=59 line may be the unique place in the nuclear chart, where such phenomenon occurs.
As there are more deformation-driving orbitals near the Fermi level in 98 Y, other deformed configurations may be expected, influencing the evolution of deformation in the region and, eventually, decaying to some spherical counterparts via isomeric transitions. Of a particular interest is the structure of the 2.36-s, β − -decaying isomer in 98 Y, for which the largest deformation of all yttrium isotopes has been reported [9] .
Finally, recent works [10, 11] suggest, that the emergence of the deformation around N=59 in even-even, Zr isotopes is connected with a significant rearrangement of nuclear shells, the effect called Type II Shell Evolution. Such rearrangement should leave clear signatures in the structure of the odd-A and, in particular, odd-odd neighboring nuclei. The study of odd-odd yttrium isotopes may thus serve as a sensitive tool for testing this newly proposed deformation-driving mechanism.
In this work we report on an experimental study of low-to-medium-spin levels in the 98 Y nucleus. Our goal was to search for new configurations, both, spherical and deformed. Furthermore, because for many levels in 98 Y their spin-parity assignments are still uncertain [12] , we also verified the existing information on spins and parities and proposed new assignments, crucial for the interpretation of the observed configurations, in particular concerning the 2.36-s isomer. To help this we studied, in addition, β − decays of both, the ground state and the 2.36-s isomer in 98 Y to levels in 98 Zr. Section II of this work presents the experiments performed in this work. In section III we describe the data analysis and the results of our measurements. In Section IV the experimental data are discussed and compared to calculations. Section V summarizes the work.
II. EXPERIMENTS PERFORMED TO STUDY
98 Y AND 98 Zr NUCLEI.
In order to study 98 Y and 98 Zr nuclei we used the data from seven experiments. Motivations for these measurements and the techniques used are briefly presented below. To facilitate the reading, we labeled these experiments as Exp.1 -to -Exp.7 in the text. New medium-spin excitations in 98 Y were searched for by analysing triple-γ coincidences between prompt-γ rays emitted by fission fragments populated in spontaneous fission of 248 Cm. The γ radiation was measured using the Eurogam2 array of Anti-Compton Spectrometers [13] . In the measurement about 2.5×10
9 high-fold coincidences were collected. The electronic time-coincidence window was 400 ns, counted from the 'start' given by the 'MasterGate' signal (for more details on the experiment and data analysis techniques see Refs. [14] [15] [16] ).
In spontaneous fission of 248 Cm prompt-γ rays deexciting levels in 98 Y are in time coincidence with prompt-γ rays de-exciting levels in 147 La, the most abundant fission-fragment partner to 98 Y. Gating on the well known γ lines of 147 La [17] , greatly facilitated the search for new excitations in 98 Y.
2. Measurement of prompt-γ rays from spontaneous fission of 252 Cf (Exp.2).
The results from the measurement of 248 Cm fission, have been verified and extended in a measurement of γ rays following spontaneous fission of 252 Cf, performed using the Gammasphere array of Ge detectors at Argonne National Laboratory (see Ref. [18] for more information on the experiment). In the measurement about 1.2×10 11 triple coincidences were collected, an order of magnitude more than in the measurement of 248 Cm fission. The electronic time-coincidence window of 900 ns, counted from the 'start' given by the 'Master-Gate' signal, was factor two longer than in the 248 Cm fission measurement. Good timing of the 252 Cf data provided accurate half-lives in the nano-to micro-second range and an effective use of the delayed coincidences for cleaning γ spectra.
Despite Sr. Therefore we measured γ and β radiations emitted by mass A=98 ions populated in neutron-induced fission of 235 U and separated using the Lohengrin fission-fragment separator [19] equipped with an electrostatic deflector.
The detection setup consisted of an ionization chamber, three Ge detectors (two clovers and a GammaX) placed around the chamber, and a β detector located in front of the chamber.
To search for new isomers in the second range we used the electrostatic deflector of Lohengrin operating at the frequency of 0.005 Hz. The cycle of the deflector was 90 s "beam ON" followed by 110 s "beam OFF". In the measurement we collected about 3×10 7 ions. The ions were not removed from the measurement point.
Search for new isomers in
98 Y in the micro-to milli-seconds time range (Exp.4).
Because at Lohengrin the ions arrive to the collection point about 1.7 µs after being produced in thermalneutron-induced fission of an actinide target, inside the ILL reactor, we could observe isomers with half-lives from a fraction of a microsecond up.
To search for new isomers in the micro-to milli-second range we used the electrostatic deflector of Lohengrin, operating at a frequency of 100 Hz (for more details see Ref. [20] ). The cycle of the deflector was 6 ms "beam ON" followed by 4 ms "beam OFF". The start signal for the time measurement was provided by the deflector. The digital acquisition system running with a 40 MHz clock provided the possibility to measure half-lives in the microsecond range, using as the start the precise time signal from the ionization chamber. The detection setup was the same as in Exp.3. In the measurement performed at this frequency about 6×10 7 ions were collected. The ions were not removed from the measurement point.
Measurements of low-spin excitations in
98 Y and 98 Zr (Exp.5).
Population of some levels in
98 Y in the β − decay of 98 Sr, differs between various works reported previously. For the 1 + level at 600.2 keV the population was changing from 80% [21] to 67% [22] and then to 42% in the compilation [12] , which includes the unpublished data [23] . Also intriguing is the 0.22% population of the 496.1-keV level in β − decay of the 0 + ground state of 98 Sr [12] . To verify these numbers we measured properties of levels in 98 Y populated in β − decay of 98 Sr, using the Lohengrin separator. The detection setup consisted of two clover detectors on both sides of the chamber and three β detectors around the chamber. The mass A=98 ions arriving to the detection point were deposited on a tape and periodically removed to limit the background due to long-lived decays. The tape movement was correlated with the cycle of the Lohengrin deflector of 8 s "beam ON" followed by 8 s "beam OFF". The measurement was performed over the first 16 seconds of the cycle. During the following 2 seconds the tape was moved. Using the digital acquisition system, running with a 40 MHz clock, we collected about 9×10 7 γ-time signals and about 5×10 6 β-time signals registered within a 600 ns hardware timewindow started by a γ signal.
6. Multipolarity measurements of γ transitions in 98 Y and 98 Zr (Exp.6).
To find spins and parities of crucial excitations in 98 Y and 98 Zr we analyzed angular correlations and directional-polarization correlations for cascades of γ rays in both nuclei observed following the neutron-induced fission of 235 U. The measurement was performed at the cold-neutron facility, PF1b at the research reactor of ILL Grenoble. We used the EXILL array, containing eight large EXOGAM [24] clover detectors arranged in an octagonal geometry, enabling precise angular correlation and directional-polarization correlation measurements (for the description of the EXILL experiment see also Refs. [25] [26] [27] ). For the polarization sensitivity calibration of the EXOGAM clovers we took the energy dependence of the sensitivity calibration as reported in Refs. [24, 28] for the EXOGAM and Eurogam clover detectors, respectively, and normalized it using the characteristic, known 0 + → 2 + → 0 + cascades observed in the present EXILL data. Because of some inconsistency between the spin of the known 2.36-s isomer in 98 Y its excitation and decay properties, reported previously [29, 30] , we have re-measured the mass of the 2.36-s isomer using the JYFLTRAP Penning trap at the Jyväskylä University. The detailed description of the technique is given in Ref. [31] .
The Ramsey cleaning method was used to prepare isomerically pure samples of either the ground state or the isomeric state of 98 Y [32] . In total, three time-of-flight ion cyclotron resonance curves were obtained for 98m Y and four for the 98 Y ground state using Ramsey's technique of time-separated oscillatory fields [33] . Countrate-class analysis [34] showed that the curve fits did not suffer from ion number dependent frequency shifts.
III. DATA ANALYSIS AND THE RESULTS.
In this section we present the results for excited levels in 98 Y, for excited levels in 98 Zr and for the 2.36-s isomer in 98 Y, obtained from the analysis of Exp.1 -Exp.7.
A. Excited levels of 98 Y. Figure 1 shows a γ spectrum cut from a 3D histogram containing prompt triple-γ coincidences from the 248 Cm fission data, sorted within a 400-ns time window. The spectrum is gated on the 167.4-keV line of 147 La and the known, 100.6-keV line in the band on top of the 8.95-µs isomer at 496.1-keV in 98 Y [12] . In the spectrum one can see prompt-γ lines of this band and of 147 La. This and other gated spectra support Band 1 shown in Fig. 2 , which was reported in Ref. [36] and extended recently to spin I=12 [37] .
A γ spectrum displayed in Fig. 3 , which is doubly gated on the known, 204.3-and 228.6-keV lines of 98 Y [36] , shows the 265.9-and 313.9-keV lines reported previously [36] , and new lines at 54.7 and 449.5 keV, which are arranged into an irregular, band of spherical excitations, drawn as Band 2 in Fig. 2 . The intensity balance in the cascade provided the estimate of the total conversion coefficient for the 54.7-keV transition, α tot (54.7)=1.5 (2) placed the 54.7-keV transition below the 313.9-keV transition, changing the position of the latter reported in Ref. [36] . From the data of Exp.5 we have sorted a 3D histogram of triple-γ events in a 600 ns time window, to search for new, weak effects, which may show up thanks to a low background in this measurement. In Fig. 4 we show the low-energy fragment of a γ spectrum, which is the sum of γ spectra obtained from the γγγ cube by setting double-gates on all pairs of γ lines in the 204.3-228.6-54.7-313.9-keV cascade of 98 Y. The spectrum indicates that the cascade must be populated in a decay of an isomer, arriving to the detection point of Lohengrin in an excited state, after being produced in the fission of 235 U in the target. As no link between the 971.3-keV level and the 1181.4-keV isomer could be identified, we propose that the 971.3-keV level corresponds to a new isomer in 98 Y. We note that, to date, the highest excitation energy 98 Y observed in fission [37] is at least two times lower than seen in 95 Y [38] , 96 Y [39, 40] or 97 Y [41] . Considering, that 98 Y is at the maximum of the population in fission of yttrium isotopes, one might expect spherical configurations in this nucleus extending up to 4 MeV.
For the 252 Cf fission data, (Exp.2), we created ddp and ppd histograms, used to search for coincidences across isomers. The prompt γ rays registered from -10 ns to +10 ns relative to the '0' time given by the Master-Gate signal were sorted along the p axis. On the d axis we sorted γ rays registered from 40 ns to 210 ns after the '0' time. Using the ddp and ppd histograms, we have searched for excitations above the 1181.4-and 971.3-keV isomers. Above the 1181.4-keV isomer we found three transitions of 763.6(3), 799.0(3) and 1184.5(2) keV, as shown in Fig. 2 . Figure 5 shows a delayed γ spectrum, doubly gated in the ppd histogram on the 799.0-and 1184.5-keV transitions above the 1181.4-keV isomer. In the spectrum all lines in the cascade depopulating the isomer are seen. An analogous search has revealed a prompt γ transition of 707.0(3) keV above the 971.3- [12] . Low intensity of the 444.7-keV line in Fig.  6 suggests that the band head is an isomer.
In Fig. 7 we show a γ spectrum cut from a 3D histogram, called ddp, containing triple-γ coincidences from Exp.1, where along the p axis we sorted prompt γ rays while on both d axes we sorted two γ rays delayed with respect to the prompt. The spectrum shows prompt γ rays, doubly gated on the 119.3-and 444.7-keV delayed lines. Further gating allowed the construction of a new band shown as Band 3 in Fig. 2 .
Energies and relative intensities (in arbitrary units) of prompt γ transitions from bands 1, 2 and 3 of 98 Y, populated in spontaneous fission of 248 Cm, are shown in Table I . The intensities were obtained from a spectrum doubly gated on the prompt 167.4-and 211.9-keV lines of 147 La. In this spectrum the intensities of lines depopulating long-lived isomers at 496.1-, (564.0+X)-and 1181.4-keV are strongly depressed by the limited time window of Exp.1. and are not shown in Table I . However, the intensities of prompt lines above isomers allow to compare the population of bands 1, 2 and 3. It can be seen that the new band 3 is approximately a factor of 3 less intense than the band on top of the 496.1-keV, 4
The new Band 3 is confirmed by the 252 Cf fission data. togram. The prompt-γ lines of the new Band 3 are clearly seen in the spectrum. The half-life of the new band head, measured using the 248 Cm fission data, is 160 (40) ns with large uncertainty due to the limited statistics and short time window of Exp.1. A better result was obtained from the 252 Cf fission data. A ggt histogram sorted from this data contains on two g axes energies of two γ rays in a cascade and on the t axis a difference of their time signals. Figure 9 shows a spectrum of time differences, doubly-gated on the 444.7-keV line below the isomer and on prompt lines above the (564.0+X)-keV isomer in 98 Y. Fitting the spectrum yields the half-life of T 1/2 =180(7) ns for the isomer. The prompt component in Fig. 9 is due to contaminations by prompt lines from other nuclei, unavoidable in such complex data sets. To test the method we have determined the half-life of the known, 164.1(9) ns isomer in 134 Te [42] , obtaining 165.1(10) ns and the half-life of the known 375.1-keV, T 1/2 =35.8 (8) isomer in 98 Y [12] , obtaining T 1/2 =35.0(5) ns (see Table II ).
Because the half-life of the 564.0-keV level is known to be 2.4 ns [12] , we propose that the isomeric band head of Band 3 is located just above the 564.0-keV level.
The isomeric transition, X , shown in Fig. 2 , is not observed in the present 248 Cm and 252 Cf data. However, a possible candidate is seen in the spectrum populated in β − decay of 98 Sr. In Fig. 10 we show a γ spectrum from Exp.5, gated on the 444.7-keV line in a γγ histogram, sorted in a 600 ns time window. In the spectrum, which contains known lines feeding the 564.0-keV level [12] , there is a new line at 26.3 keV. A spectrum gated on this line shows lines at 119.3-, 444.7-and 564.0 keV. One is tempted to propose that the 26.3-keV line is from a new, 180 ns isomer to the 564.0-keV level. A stretched E2, 26.3-keV decay of the isomer with spinparity I=3
− , could account for its half-life. However, for the isomer to be visibly populated in β − decay of the 0 + ground state of 98 Sr its spin should be lower than I=3 and then the isomeric transition could not be a stretched E2, anymore. The 26.3-keV line, when de-populating the isomer should show a half-life of 180 ns. However, such low-energy signals in our measuremet show a large "timejitter" of about 300 ns, disabling meaningful conclusions.
It should be further mentioned, that the 26.3 keV line may be due to an effect on the surface of the Ge-detector crystal. After scattering of the 36.2-keV γ photon on the K electron, the X K radiation escapes the crystal (K binding energy in Ge is about 10 keV), leaving in the crystal the remaining energy. A dedicated experiment is needed to solve the problem of the 26.3 keV line.
For a few, strong γ−γ cascades in 98 Y it was possible to determine angular correlations, which are listed in Table  III , where we also show possible solutions for spins in these cascades. The results will be discussed further in Sec. IV. From the data of Exp. 4 a gt histogram was sorted with γ energy on the g axis and its time of registration, counted from the start of the deflector cycle, on the t axis. Figure 11 shows the low-energy part of the γ spectrum gated on the "beam ON" range of the time axis, where we subtracted background spectrum gated on the "beam OFF" range. In the spectrum one can see lines corresponding to decays of known isomers at 170.8, 496.1 and 1181.4 keV [12] . There is no 444.7-keV line from the 180 ns isomer, because it decays in the first 1.7 µs after the production, when the 98 Y ions fly to the collection point of Lohengrin.
In Fig. 12 we show a γ spectrum obtained in a 1µs time window, counted from the arrival of an ion. The short time window favors micro-second isomers and the cascade depopulating the 1181.4-keV isomer is now enhanced relative to the decay of the 496.1-keV isomer, as compared to Fig. 11 . In Fig. 12 we note weak lines at 228.6 and 313.9 keV, seen in the inset, further supporting the isomeric nature of the 971.3-keV level. In Exp. 4 the population of the new, 971.3-keV isomer is of the order of 10 −3 of the population of the 496.1-keV isomer, as shown in Table IV .
The time-delayed spectrum obtained from the gt histogram by summing gates on lines in the 228.6-54.7-313.9-keV cascade we allowed the determination of the upper limit of 0.6 µs for the half life of the new, 971.3-keV isomer. With the lower limit for observing an isomer at Lohengrin of about 0.3 µs, we estimate the half-life of the 971.3-keV isomer to be 0.45 (15) Table II and compared to the previously measured values [12] . The half-life of the 496.1-keV isomer was increased by 0.10(5) µs, correcting for the beam rate of about 500 ions/s, as discussed in Ref. [38] .
The clean data, as shown in Fig. 11 , allowed the determination of precise branching ratios for levels populated in the decays of the 170. isomers, which will be analyzed in Sec. IV. The corresponding intensities of γ lines, shown in Table IV , were obtained from a singles spectrum collected within 60 µs after the arrival of an ion. We note a new 325.2-keV branch from the 496.1-keV isomer. The 325.2-keV line, clearly seen in Figs. 11 and 12, shows more intensity than just due to the summation in our detectors of two strong lines at 121.1 and 204.3 keV. The limit for the summa- tion effect in this measurement is estimated as 3(1)% of γ intensities in the cascade. The intensity of the 325.2-keV line in Table IV is corrected for the summation effect. The γ intensities shown in Table IV provide information on conversion coefficients for low energy transitions involved, on the population of isomers in fission and allow to test the consistency of the decay scheme.
The intensity balance for the 446.2-keV level is only consistent with an E1 multipolarity for the 49.9-keV transition. The experimental, total conversion coefficient deduced from the balance is 0.73 (25) . The total feeding of the 170.8-keV level amounts to 5400(150) relative units, taking the corresponding theoretical total conversion coefficients [44] for the 204.3-and 325.2-keV, E2 transitions and the 275.2-keV, E1 transition. This number compared against the total decay intensity (assuming E2 multipolarity of the 170.8-keV transition) provides the total conversion coefficient of 1.6(4) for the 51.5-keV transition, indicating its M1+E2 multipolarity. Analogously, intensity balances for the 119.3-and 375.1-keV levels, provided the experimental, total conversion coefficients of 0.03(5) and 0.13(5) for the 119.3-and 121.1-keV transitions, respectively.
The total feeding of the 1070.6-keV level is estimated to be 152(10), taking the total conversion coefficient of 0.07(3) for the 186.2-keV transition, where the uncertainty covers the whole range of theoretical values for an M1+E2 multipolarity. This allows to estimate the total conversion coefficient for the 110.8-keV isomeric transition to be 0.9(2), which indicates its E2 character.
From the above we calculated feeding of the 496.1-keV isomer to be 5270(160) relative units. Thus, feeding of the 1181.4-keV isomer is about 0.03 of that of the 496.1-keV isomer, when measured at the focal point of Lohengrin, about 1.7 µs after the production of both isomers in the 235 U target. The total decay intensity from the 496.1-keV isomer, calculated taking γ intensities of the 49.9-, 121.1-and 325.2-keV transitions and their conversion coefficients yields 5415(160) relative units, which is consistent with the total feeding of the 170.8-keV level. This is also consistent with the total feeding of the ground state of 5450(150) relative units, obtained taking γ intensities of the 119.3-and 170.8-keV transitions and the total conversion coefficient of 0.06(3) for the 119.3-keV transition from Table VI (see the next section). We conclude, that the 170.8-keV isomer does not receive any visible direct feeding in fission. The upper limit is 0.01 of the feeding of the 496.1-keV isomer, as seen at the measurement point of Lohengrin.
3. Search for isomers in the seconds range.
In the Exp. 3 we have searched for isomers in the seconds range the the A=98 mass chain. The sensitivity of the measurement is illustrated in Fig. 15 We verified low-spin excitations of 98 Y, shown to the right-hand side of Fig. 2 , in a measurement of γ rays following β − decay of 98 Sr (Exp.5). Figures 16 (a) and (b) show total projections of the data on the E γ and the time axes of a gt matrix, respectively. The matrix served as a convenient tool to assign γ lines to various decays. [12] . This indicates that the 119.3-keV level does not receive any visible population from the 2 s isomer at 465.7 keV in 98 Y [12] . A visible drop in channel 1000 in Fig. 17 (a) is consistent with the fact that part of the population of the 119.3-keV level is due to the decay of the 496.1-keV isomer. Based on the growth-in and decay curves of Fig.  17 (a) we estimated that 20(2)% of the total intensity of the 119.3-keV line originates from the decay of the 6.95 µs isomer.
The spectrum gated on the 121.1-keV line of 98 Y, shown in Fig. 17 (b) (gated on the right-hand part of the (119+121)-keV line seen in Fig. 16 (a) to avoid contamination from the 119.3-keV line) shows that the 496.1-keV level, de-populated by the 121-keV line is fed directly in fission, only. A similar picture is obtained when gating on the 204.3-keV line. This shows that the 375.1-keV level is populated only in the decay of the 6.95 µs isomer at 496.1 keV, and not via β − decay of 98 Sr or in IT decay of the 2.36-s isomer at 465.7 keV. The upper limit on the population of the 496.1-keV level in β − decay of 98 Sr, estimated from both spectra is 0.2% of the β − -decay intensity of 98 Sr. The same is concluded for the 446.2-keV level based on a spectrum gated on the 275.2-keV line.
In contrast, the spectrum gated on the 170.8-keV line, seen in Fig. 17 (c) , shows that the 170.8-keV level re- ceives some population in β − decay of 98 Sr. Its amplitude estimated from the figure is 12(2)% of the intensity of the 170.8-keV line, seen in Fig. 16 (a) , which translates to 3.0(6)% of the β − -decay intensity of 98 Sr. We have checked that time spectra gated on lines de-populating the 547.9-, 564.0-, 595.9-, 600. Fig. 2 to simplify the picture. The 586.2-keV level and the 603.7-and 752.2-keV transitions reported previously [12] are not confirmed in the present work.
Relative γ intensities from Table V were used to estimate populations of 98 Y levels in β − decay of 98 Sr. As a reference we used the sum of known intensities per 100 β − decays of the two strongest γ lines, I γ /100(428.6 keV)= 27.7(13) and I γ /100(444.7 keV)=33.0(4) [12] . Intensities of transitions per 100 decays of the 2.36-s isomer in 98 Y were then obtained by multiplying the I γ values in relative units, shown in Table V by a factor 0.079(3).
The populations, listed in Table V agree with those reported in the compilation [12] , except for the population of the 666.3-keV level, which is clearly lower in our data. The high uncertainty on the intensity of the 36.2-keV transition is due to the large uncertainty of the efficiency calibration at this energy, causing large uncertainties of populations of the 564.0-and 600.2-keV levels. [12] . The only visible difference is for the 666.3-keV level, where we report larger log 10 f t value, which does not support the (1 + ) spin-parity assignment proposed previously [12] . For the 358.0-and 564.0-keV levels we could propose lower limits for log 10 f t, only. Spins and parities shown in the first column of Table V are consistent with the present log 10 f t values.
The populations of excited levels listed in Table V sum up to 104 (9) , showing that the population of the ground state of 98 Y in β − decay of 98 Sr is low and puts the lower limit of 5.6 on the log 10 f t value for the ground state.
Observing intensities of γ lines in various gated spectra we could estimate total conversion coefficients for some low-energy transitions in 98 Y. The coefficients are listed in Table VI , where we also show theoretical values for pure multipolarities. Some coefficients were derived from the 252 Cf fission data and from the intensity balance analysis (the value for the 119.3-keV transition is an average of two values).
B. Excited levels of
98 Zr. 
Excited levels in
98 Zr, populated in β − -decay of the ground state and the 2.36-s isomer of 98 Y, have been studied previously in Refs. [45, 46] and the data is compiled in Ref. [12] . In the present work we correct and extend these results. The excitation scheme of 98 Zr, populated in the β − decay of both, the ground state and the 2.36-s isomer in 98 Y is shown in Fig. 18 . In Tables VII  and VIII [12] .
The half-life T 1/2 =2.36(6) s determined from the spectrum gated on the 1801.6-keV line, shown in Fig. 17 (d) is consistent with the 2.0(2)-s value for the 465.7-keV isomer in 98 Y reported in the compilation [12] . As seen in Fig. 17 (e) , the half-life of the ground state of 98 Y is visibly shorter. A 'single-decay' fit to the spectrum gated on the 2942-keV line provides a value of 0.773(11) s, which combines the 0.653(2) s half-life of the ground states of 98 Sr [12] ) and the 0.548(2) s half-life of the ground state of 98 Y [12] . Finally, the time-decay spectrum gated on the 1222.9-keV line ( Fig. 17 (f) ) is clearly a combination of two decays, of the isomer and the ground state of 98 Y. To determine the population of exited levels in 98 Zr in the decay of the ground state of 98 Y we took, as the reference, summed intensities of the 2942.3-, 3311.1-and 4452.4-keV lines, equal to 32.8 (22) per 100 decays [12] . Then, the intensities of transitions per 100 decays of the g.s. of 98 Y, I/100, are obtained by multiplying by a factor 0.054(4) the I γ values in relative units, shown in Table  VII . Using these I/100 values we calculated feeding values, P/100, for levels in 98 Zr, as shown in Table VII . When calculating the populations of 0 + levels we considered intensities of the E0 decays, reported in [12] . The sum of P/100 values for exited levels populated in the decay of the g.s. of 98 Y is 92 (4) . Therefore, we propose for the ground state of 98 Zr P/100=8(4). The obtained P/100 values were used to calculate log 10 f t values for levels in 98 Zr, as shown in the last column of Table VII . To calculate log 10 f t values we used the 'Log ft' program available at [47] , taking the half-life of 0.548(2) s and the Q=8992(12) keV [35] value for the g.s.-to-g.s., β − decay energy. For levels where the population is zero within the uncertainty, log 10 f t values were not calculated.
To calculate populations of exited levels in β − decay of the 2.36-s isomer of 98 Y we took, as a reference, summed intensities of the 1801.6-, 647.1-and 620.5-keV lines, equal to 143(21) per 100 decays [12] . Then, the intensities of transitions per 100 decays of the 2.36-s isomer in I γ values in relative units, shown in Table VIII . Using these I/100 values we calculated feeding values, P/100, for levels in 98 Zr shown in Table VIII . We note that the total of P/100 in this decay is 83(10), somewhat below expectation, though the uncertainty of this value may be larger because of a possible systematic error in the normalization factor of 2.1(3) quoted in Ref. [12] .
The obtained P/100 values were then used to calculate log 10 f t values for levels in 98 Zr, populated in β − decay of the 2.36-s isomer in 98 Y, as shown in the last column of Table VIII. In the calculation we used the new, 465.7-keV energy of the isomer and its new half-life of 2.36(6) s. Our P/100 values and log 10 f t values are generally similar to those published earlier [12] , though there are some differences which will be discussed in Sec. IV.
Multipolarity measurements for
98 Zr.
Results of the angular-correlation analysis for γγ cascades in
98 Zr, measured in Exp.2 and Exp.6, are presented in Table IX , showing experimental a k /a 0 coefficients and δ mixing ratios derived for various spin hypotheses. The quality of the correlations illustrates the comparison of the experimental a k /a 0 coefficients to their theoretical counterparts, A k , [48, 49] for cascades of stretched transitions (δ=0 for both transitions). For the 0→2→0, quadrupole-quadrupole cascade A 2 =0.357 and A 4 =1.143 while for the 4→2→0 cascade A 2 =0.102 and A 4 =0.009. For the stretched dipole-quadrupole cascade, 3→2 →0, A 2 =-0.071 and A 4 =0.00. We also show the isotropic correlation for the 511.0-keV annihilation peak as seen in the 1222.9-keV gate.
For the 1222.9-, 1436.1-, 1590.8-, 1744.5-, 1806.2-, 1859.4-and 2047.7-keV levels unique spin-parity assignments are reported in the literature [12] . These assignments agree with the present analysis. For the 620.5-, 647.1-and 725.3-keV transitions our analysis indicates stretched, quadrupole character. These are then adopted in the "sum" gate (see Table IX ).
For strong transitions it was also possible to determine linear polarization of γ transitions by measuring directional-linear-polarization correlations in γγ cascades, using the EXOGAM clover detectors of the EXILL array as Compton polarimeters.
The 1222.9-, 620.5, 647.1-and 1590.9-keV, stretched quadrupole decays in 98 Zr [12] served as known, reference transitions for directional-linear-polarization correlations in the measured γγ cascades. Results of the linear polarization analysis for γ transitions in 98 Zr are shown in Table X in column P exp (γ p ).
The last column of Table X shows theoretical values of linear polarization, P th (γ p ), which for a mixed dipoleplus-quadrupole transition can be calculated for the upper transition in a cascade, γ 1 , from the formula [27] (1) 70 (3) (1) 268.7(1) 226 (7) 11.2(9) 5.5(1) 636.5 (1) 41 (2) (2) 2225.1(1) 789.0 (2) 5(1) -0.3(3) 1002.3 (1) 11 (2) 2225.2(2) 5 (2) (3) 5(1) 1187.8 (2) 4(1) 1555.7 (1) 28(3) 2779.0 (2) 4 (1) (1) 3065.5(2) 3065.5(2 29(2) 1.6(1) 6.0(1) 1 4108.6(2) 2672.7 (2) 6(1) 1.1(1) 5.7(1) 3254.4 (2) 10(2) 4108.5 (2) 4 (1) (2) 11 (1) (2) 4(1) 824.8 (2) 10 (1) (1) 14 (1) 1053.9(1) 14 (1) 6 + 2490.5 (1) 647.1(1) 224 (7) 18 (4) 5.9 (1) (2) 12 (2) 42 (6) 4.9(1) 1492.0 (2) 15(2) 1801.6 (1) 130(4) 2015.4 (2) 7(1) 2244.0 (4) 2(1) 2448.8 (2) 4(1) (7 + ) 4545.5(3) 253.4(1) 6(1) 1.5(3) 6.3(1)
(1) In the formula (1) the "+"("-") sign applies to the M1+E2 (E1+M2) multipolarity of the γ 1 transition (γ p in Table X ). Therefore, comparing the sign of the calculated and the experimental polarization, one can distinguish between the M1+E2 and E1+M2 multipolarity of this transition. The A k , B k and F 2 , coefficients are defined in Refs. [48, 49] .
The polarization indicates spin-parity 6 + for the 4292.1-keV level. The solution with δ= +0.17(8) is preferred. Analogously, spin-parity 1 − is indicated for the 4165.2-and 4452.5-keV levels.
C. Properties of the 2.36-s isomer in
98 Y.
A T 1/2 =2.0(2) s isomer at 410(30) keV in 98 Y, with a tentative spin 4 or 5 and unknown parity was reported in the compilation [29] . Given the 4 − spin-parity assignment to the 375.1-keV level [12] the (4,5) spin assign- IX: Normalized, experimental angular-correlation coefficients, a k /a0, and the corresponding mixing ratios, δ, for γ transitions in 98 Zr, populated in neutron-induced fission of 235 U (Exp. 6) and spontaneous fission of 252 Cf (Exp. 2), determined for various spin hypotheses. The 1222.9-and 1590.9-keV transitions are taken as the reference, stretched quadrupole with δ(γ2) = 0.0 [12] . The "sum" denotes summed gates on 1222.9-, 620.5-and 647.1-keV lines. ment seems unlikely, unless the excitation energy of the isomer is lower than 375.1 keV. Recent evaluation [43] reports this isomer at 241(29) keV, clearly off the previous value, considering the quoted uncertainties. We note, that this large change was due to a new measurement of the ground-state mass of 98 Y [50] . It is obvious, that Considering the new, precise excitation energy and the absence of any γ decay of the 2.36-s isomer to either the 375.1-keV or 170.8-keV levels, one can reject spin and parity (4, 5) for this isomer (the upper limit for the unobserved, 90.6-keV decay to the 4 − , 375.1-keV level is about 10 −4 of the intensity of the 121.1-keV transition). A spin and parity hypothesis of 6 − is also unlikely, due to the same reason. The upper limit of I=7 for the spin and positive parity is set by the observed β-decay properties of this isomer, as will be discussed in the next section. This leaves a spin 6 + or 7 + assignment to the 2.36-s isomer in 98 Y. Using the prompt-γ data from fission of 248 Cm we have searched for a deformed band on top of the 2.36-s isomer in 98 Y, reported as the most deformed state of all yttrium isotopes [9] . Because of the high spin of the isomer [12] , the band should be yrast and populated in fission. Figure 19 shows the low-energy part of a γ spectrum doubly gated on the 167. − isomer in 98 Y. The negative result suggests that the spin of the isomer is higher than the presently adopted value of I=(4,5) [12] , considering that the maximum population of yrast levels in fission is around spin I=7 [51] .
The difficult-to-observe, Y-Pr prompt crosscoincidences have disabled searching for a possible cascade on top of the 2.36-s isomer in the 252 Cf fission data.
Relative intensities, I γ , shown in Tables V, VII and VIII are given in the same relative units, because they were obtained from the same singles spectrum shown in Fig. 16 (a) , accumulated over the 8 s "beam ON" and 8 s "beam OFF". Exceptionally, the intensities of the 51.5-, 119.3-and 170.8-keV lines were determined, relative to the 444.7-keV line, from the "beam-OFF" range only, to exclude the population of these lines in the decay of the 6.95 µs isomer, present in the "beam ON" range.
Using The relative populations obtained are 0.81(3), 0.38 (9) and 0.33 (7) for the direct population in fission of the g. Spins and parity assignments to the ground state and the micro-second isomers at 496.1 and 1181.4 keV in 98 Y were changing in the past, involving essential reassignments of proton-neutron configurations to these levels [8, 22, 36, 52] . We note that the most recent spin assignments are still tentative [12] . Furthermore, the 2.36-s isomer in 98 Y, reported to have the highest deformation of all yttrium isotopes [9] , is a rather mysterious state, considering its "impossible" spin assignment reported in Ref. [12] . In the following we will review the existing information and add our results to get a more reliable picture of this nucleus. We will also review the properties of β − decays of 98 Y and the levels populated in 98 Zr.
A. Configurations in
The ground state.
The ground state in 98 Y, was first assigned positive parity, to account for the 65% population in β − decay of the 0 + g.s. of 98 Sr reported in [53] . Absolute intensities of decays to excited states in 98 Y, reported later [22] , are about a factor four higher, implying small feeding to the ground state of 98 Y and allowing a negative parity assignment. The negative parity was then proposed [22] based on the well established, 1 + spin-parity of the 600.2-keV level, populated with log 10 f t= 4.3, and on the measured E1 multipolarity of the 36.2-keV transition and M1+E2 multipolarities of the 119.3-and 444.7-keV transitions [53] .
Spin I=1 of the ground state, reported in [22] , was based on two arguments, (i) that there is a substantial feeding of the 2 + levels in 98 Zr is about factor two lower than reported previously [12] ). The log 10 f t ≥5.5 to the g.s. of 98 Y excludes spin-parity 0 + for this level.
2. The 547.9-, 600.2-and 666.3-keV levels.
We confirm the 1 + spin-parity assignment of the 600.2-keV level [22, 52] . A log 10 f t=4.4 value to this level was determined in the present work for the β − decay of the 0 + ground state of 98 Sr. The decay is likely the GamowTeller (G-T) transition between the g 7/2 neutron and the g 9/2 proton orbitals. A similar conclusion is drawn for the 547.9-keV level with log 10 f t=4.7, confirming its 1 + spin-parity assignment [12] .
Both levels are composed of the g 9/2 proton and the g 7/2 neutron orbitals, but, as proposed in Ref.
[52], the 600.2-keV level corresponds to the (π5/2 + [422], ν3/2 + [422]) 1 + , deformed configuration, while the 547.9-keV level corresponds to the (πg 9/2 , νg 7/2 ) 1 + spherical configuration. This would represent yet another pair of levels, with the same proton and neutron coexisting in both, a spherical and a deformed state. However, we could not confirm the proposition of Ref. [52] that the 600.2-keV level is strongly deformed. While there may be a, still undiscovered, deformed band on top of this level, the 666.3-keV level is not a member of this band, as proposed earlier [52] . The spin of the 666.3-keV level is probably 2 but we could not identify any other level decaying to the 666.3-keV level. We also note that the 666.3-keV level decays to two other levels, an unlikely feature of an in-band excitation. The conversion coefficient of 1.9(3) obtained in this work for the 36.2-keV transition indicates its E1 multipolarity and, thus, negative parity for the 564.0-keV level. Angular correlations for the 36.2-444.7-keV cascade, shown in Table III , (with δ=0 of the 36.2-keV transition) allow spin 1 or 2 for the 564.0-keV level.
For the 119.3-keV level spin I=2 was proposed [22] , based on small feeding from the ground-state β − decay of 98 Sr. Feeding of the 119.3-keV level seen in this work is significant (log 10 f t=5.2), supporting spin-parity 1 − for this level [12] , rather than 2 − proposed in Ref. [22] . Angular correlations for the 119.3-428.6-keV cascade also suggest spin 1 for the 119.3-keV level.
The hindrance of the 51.5-keV transition of 2.9×10 the 170.8-keV, E2 transition is 6.9 and the hindrance of the 119.3-keV, M1+E2 transition is 10.5). We also note that the conversion coefficient for the 119.3-keV transition is consistent with either E1 or pure M1 multipolarity. Thus, positive parity could be considered for the 119.3-keV level. Low-energy, 1 + deformed levels, with rotational band on top of them are known in 100,102 Y and 102,104 Nb [36, 54] . However, we did not find any deformed band on top of the 119.3-keV level. Furthermore, with spin-parity 1 + , the 119.3-keV level should receive higher population in β − decay. Therefore, we assign negative parity to this level. The negative parity is supported by the conversion coefficient of the 51.5-keV transition, if the spin and parity of the 170.8-keV level is 2 − , as discussed below. A tentative (2 − ) spin-parity assignment to the 496.1-keV isomer proposed in Refs. [12, 22, 36, 55] has been changed to 4 − in Ref. [52] , based on the IBFFM calculations and in Ref. [8] based on the g-factor and the spin-alignment analysis for the band on top of the isomer.
We confirm the recent extension [37] of the band on top of the isomer to spin 12 − . The QPRM calculations in Ref. [37] well reproduce the band, when assuming a (π5/2 + [422], ν3/2 − [541]) 4 − configuration for the 496.1-keV isomer, which was also proposed in Refs. [8, 52] .
In this work no population of the isomer is observed in β − decay of 98 Sr, indicating, thus, spin higher than 2 for this level. We adopt spin-parity 4 − , after Refs. [8, 37, 52] but stress, that this assignment needs proper, experimental confirmation.
The decays of the isomer are strongly hindered. For the 49.9-keV, E1 transition we calculate the rate of 2×10 −8 W.u. This is about 2-3 orders of magnitude lower than typical low-energy E1 rates. For the 121.1.-keV transition we obtain a rate of 1.3×10 −6 W.u., for the M1 part and 5×10 −2 W.u. for the E2 component. For the 325.2-keV transition the rate is 2.7×10 −5 W.u., which is higher than for the E2 component of the 121.1-keV transition. Such hindrances could be due to both the K hindrance and differences in shape of levels in a decay of a deformed level with K=4 to spherical configurations. 
The 4
− spin-parity of the 496.1-keV isomer and the observation of the 325.2-170.8-keV cascade from the isomer to the 0 − ground state are only consistent with spinparity 2 − of the 170.8-keV level, considering the half-life of the 170.8-keV level of 0.64 µs. Such spin is not in conflict with the log 10 f t = 5.7 observed for the 170.8-keV level.
The lack of population in the β − decay of 98 Sr of the 375.1-keV level indicates its spin higher than 2. Angular correlations for the 121.1-204.3-keV cascade are consistent with spin-parity 4 − for the 375.1-keV level. The δ=0.8 value of the 121.1-keV transition indicates an M1+E2 multipolarity, which is supported by its conversion coefficient.
A prompt-γ study [36] reported the 228.6-, 265.9-and 313.9-keV transitions in a cascade feeding the 375.1-keV level. We confirm these transitions and add four more transitions to an irregular cascade, shown in Fig.2 . The new 54.7-keV transition is placed between the 228.6-and 313.9-keV transitions.
The relative feeding of the 971.3-keV level seen in the prompt-γ data from fission of 248 Cm is much higher than observed in the Lohengrin data, as can be seen in Tables  I and IV − or 6 − for the 603.7-keV level. As the multipolarities of the 228.6-and 54.7-keV transitions are M1+E2 or E2 and M1+E2, respectively, negative parity and spins as shown in Fig. 2 are proposed for the 603.7-and 658.4-keV levels. Spin I=6 of the 603.7-keV level is less likely because then, being very yrast, this level should receive higher population in fission. Similar arguments suggest spins for the 869.6-and 1053.2-keV levels, as shown in Fig. 2 .
Spherical configurations in 98 Y were first reported in Ref. [22] , as resulting from coupling of valence neutrons and a proton hole outside the spherical 98 Zr core, producing the spherical ground state and the 119.3-, 170.8-and 375.1-keV levels. Later the 10 − , 1181.4-keV spherical isomer was added to this list [8, 52] . Thus a spherical and a well deformed coupling of the πg 9/2 and νh 11/2 , uniqueparity orbitals are observed in one nucleus. The deformed configuration of the 496.1-keV isomer is convincingly proposed as (π5/2
Members of the irregular band 2 may belong to the same spherical (πg 9/2 , νh 11/2 ) j coupling as the 1181.4-keV, spherical isomer. The GICM [56] calculations done in Ref. [37] partly reproduce such a band of negative-parity, spherical levels. The spin of the 971.3-keV level should be higher than the spin of the 658.4-keV level but lower than I=9, because of no link with the 1181.4-keV isomer. We propose a spin of I=8 for the 971.3-keV level. Positive parity is proposed tentative, because of the isomeric nature of the level.
An I π =8 + spin-parity assignment is attractive, because of the (πg 9/2 , νg 7/2 ) 8 + configuration expected at this ex-citation energy. Such configuration is observed at 1140 keV in 96 Y as an isomer with T 1/2 =9.6 s [57] . The 8 + isomer in 96 Y has spherical shape, as shown in Ref. [9] and in the recent study [40] , where non-rotational cascades are identified on top of the isomer. + is predicted at 977 keV in the IBFFM calculation [46] , after normalizing the (πg 9/2 , νg 7/2 ) 1 + coupling to the experimental 1 + level at 548 keV. In the context of the rather good reproduction of these experimental data it is worth mentioning the conclusion of Ref. [55] that the residual interaction between the g 9/2 protons and the g 7/2 neutrons does not show any enhancement compared to standard values. This does not support the special role of this particular p − n interaction proposed in the region [58, 59] and exploited intensively in recent calculations [10] , which suggest that the πg 9/2 -νg 7/2 interaction causes large population of the proton g 9/2 orbital, producing large deformation. The observation of high-energy transitions feeding the 1181.4-keV isomer in 98 Y confirms its spherical shape, proposed in Ref. [52] . Negative parity assignment to the 446.2-keV level in Ref. [37] , was suggested by the GICM calculations and probably by Ref. [52] , where a 3 − , level was predicted in the IBFFM calculations as the Gallagher-Moszkowski (G-M) partner to the (πp 1/2 , νg 7/2 ) 4 − configuration proposed for the 375.1-keV level. The negative-parity assignment in Ref. [52] was based on their K-conversion coefficient of the 71-keV transition. In our data this transition is too weak to determine its conversion. We note that the compilation [12] does not report an M1+E2 character of the 71.3-keV transition.
In this work we assign spin-parity 3 + to the 446.2-keV level, based on the E1 multipolarity of the 49.9-keV transition, derived from its total conversion coefficient. The hindrace of 4×10 7 is typical of an E1 transition in a spherical nucleus. This assignment agrees with the compilation [12] .
We searched for a rotational band on top of the 446.2-keV level with no positive result. It is likely, that the 446.2-keV level is spherical. Considering its I π =3 + spinparity, the involvement of the p 1/2 proton and the h 11/2 neutron, spherical orbitals can be excluded. The g 9/2 proton coupled to the d or g neutron may produce a The new rotational band on top of the (564.0+X)-keV isomer enhances the picture of the shape coexistence in 98 Y and it is of high interest to identify its structure. The deformed state at 564.0+X keV has spin-parity 3 − or 4 − . In case the spin of the 564.0-keV level is 1 − , the spin of the 564.0+X keV isomer could be 2 or 3. If the spin of the 564.0-keV level is 2 − the spin of the 564.0+X keV isomer could be 4. Spin I=2 for the 564.0+X keV isomer is not likely because (i) the 564.0+X keV level does not decay to other low-spin levels and (ii) the in-band energies are nearly identical with energies in the K=4 band on top of the 496.1-keV isomer. Considering the observed half-life of the 564.0+X keV level, the isomeric transition could have either an E1, M1+E2 or stretched E2 multipolarity, favoring spins 3 − , 3 + and 4 − for the isomer. The 564.0-keV level, to which band 3 de-excites, was proposed to be the |K p -K n |=1, G-M partner to the |K p +K n |=4 isomer at 496.1 keV [52] . The QPRM calculations performed in this work indeed predict close lying, 1 − and 4 − deformed levels, originating from coupling the 5/2 + [422] proton orbital with the 3/2 − [541] neutron orbital, as shown in Fig. 20 . In the figure the calculations are normalized to the experiment at the 496.1-keV isomer and for the (3 − ) isomer we assumed the excitation energy of (564.0+26) keV. The agreement is appealing, though the question remains about the 1 − and 2 − members of the band. One of them may correspond to the 564.0-keV experimental level, if some unknown distortion is assumed at the bottom of the K=1 band.
The proposed picture has some disadvantages. The (M1+E2)/E2 branchings for levels in the new band 3 are about an order of magnitude higher than in band 1.
which, therefore has to be incorporated in the structures of the involved levels. has been measured using the JYFLTRAP Penning trap and a precise half-life of 2.36(6) s determined for the long-lived, 2.36-s isomer in 98 Y. We also studied excited levels in 98 Zr, populated following the β − decay of the 2.36-s isomer to determine its configuration. The spin of the isomer was increased from the previous I= (4, 5) to I π =(6,7) + . The properties of this isomer suggest the presence of the 9/2 + [404] neutron extruder orbital in its structure, which can explain the large deformation of the isomer. This is the first observation of the ν9/2 + [404] extruder orbital in an odd-odd nucleus.
Further studies of 98 Y are needed to confirm the spins of 465.7-, 496.1-and (564.0+X)-keV isomers. It is also important to identify the expected deformed band on top of the 465.7-keV isomer as well as the decay pattern of the (564.0+X)-keV isomer.
The present work does not provide arguments to support the special role of the νg 7/2 − πg 9/2 interaction (the SOP mechanism) stressed in recent calculations. The 
